factor (TNF)-related activation protein (TRAP), is a member of the TNF superfamily. CD40L is a type II transmembrane protein predominantly expressed on activated CD4 + T cells and platelets (over 95% of circulating CD40L is released from α granules after platelet activation).
Patients were diagnosed at the Department of Hematology of the Clinical Hospital of the Medical University of Bialystok, Białystok, Poland, according to the World Health Organization criteria, including an increased number of abnormal, atypical, or immature plasma cells in the bone marrow or histological evidence of plasmocytoma, the presence of the M protein in serum or urine, and bone lesions. 15 The whole study group was classified depending on the stage of the disease according to the Durie and Salmon staging system 16 : 34% patients (n = 14) were in stage I; 42% patients (n = 17), in stage II; and 24% patients (n = 10), in stage III. The median percentage of bone marrow plasma cells in the whole study group was 19 .4% (median, 3.1% in patients with stage I; 15.7% in those with stage II; and 48.5% in those with stage III of MM). Serum protein electrophoresis revealed that the median monoclonal protein concentration in the whole study group was 3.79 g/dl (median, 3.01 g/dl in patients with stage I; 3.75 g/dl in those with stage II; and 7.95 g/dl in those with stage III of MM). The detection and typing of monoclonal antibodies or immunoglobulins by means of serum immunofixation demonstrated immunoglobulin G in 66% of all patients with MM, immunoglobulin A in 27%, and light chains (Bence-Jones protein) in 7%. The clinical characteristics of patients with MM are presented in TABLE 1.
The control group consisted of 30 healthy volunteers (15 women and 15 men; mean age, 66 years; range, 45-77 years). The study was approved by the Bioethics Committee on human research of the Medical University of Bialystok (permission number: R-I-002/112/2009).
Blood samples from all study participants were drawn between 6 AM and 7 AM, following a fasting period of 10 to 12 hours. Tubes with the blood collected without an anticoagulant were allowed to clot for 30 minutes before centrifugation (15 minutes at 1000 × g); obtained serum samples were stored at a temperature of -75°C until further analysis. Blood collected into tubes containing citrate, theophylline, adenosine, and dipyridamole anticoagulant was left in the ice bath for at last 15 minutes, following which the tubes were centrifuged (20 minutes at 2500 × g, at a temperature of 2°C to 8°C) within 1 hour from blood collection. After the first centrifugation, one-third of the obtained plasma was removed from the middle region of the supernatant and centrifuged for the second time (20 minutes at 2500 × g, at a temperature of 2°C to 8°C). Once again, one-third of the obtained plasma was removed from the middle region of the supernatant, aliquoted into several portions of 200 µl, and frozen at -20°C until the assay.
Methods Serum concentrations of sCD40L were measured using an enzyme-linked immunosorbent assay (ELISA), Quantikine® Human sCD40L Immunoassay kit (Catalog number: DCDL40; R&D Systems Europe Ltd., Abingdon, United noted that CD40 is not expressed on normal matured plasma cells, but only on human MM cells. 7, 8 CD40L-CD40 interactions play a crucial role for the immune response regulation in inflammation, autoimmune diseases, and hemostasis.
9
CD40 ligation leads to the production of cytokines, chemokines, adhesion molecules, and metalloproteinases by the endothelial cells and fibroblasts. Both the proinflammatory and prothrombotic roles of CD40L-CD40 pathway were revealed in various diseases. 10 It has been suggested that in human MM cells CD40 ligation induces the secretion of vascular endothelial growth factor (VEGF) by the p53 pathway, which stimulates interleukin 6 (IL-6) secretion in bone marrow stromal cells and thus increases MM cell growth. 9 Studies have indicated that inhibition of CD40L-depended production of VEGF and IL-6 via specific VEGF antibodies leads to the toxic effect on proliferation and survival of MM cells. 11 Interestingly, the CD40L-CD40 system activation induces the apoptosis of CD40-positive cancer cells but not the healthy cells. 10 Moreover, a varied expression of CD40 is associated with cancer stage and usually decreases with the progression of disease.
12,13
Therefore, monitoring alterations in sCD40L concentrations could provide useful information. Unfortunately, little is known about sCD40L concentrations and their biologic role in patients with hematologic malignancies, especially those with MM.
To the best of our knowledge, circulating levels of sCD40L in patients with MM have been evaluated so far only by Tsirakis et al 5 and Hock et al. 14 For that reason, the present study was designed to evaluate serum sCD40L concentrations in patients with newly diagnosed MM prior to treatment at different stages of disease, compared with healthy controls. In the next step, sCD40L was correlated with selected angiogenic cytokines (interleukin 6 [IL-6], soluble receptor of IL-6 [sIL-6R], tumor necrosis factor α [TNF-α], soluble vascular cell adhesion molecule 1 [sVCAM-1], and platelet-derived growth factor AB [PDGF-AB]) to establish whether this protein may be recognized as a biomarker of angiogenesis in patients with MM. To assess its clinical significance, sCD40L was also correlated with well-established biomarkers of MM activity: β 2 -microglobulin, albumin concentrations, lactate dehydrogenase (LDH) activity, the percentage of plasma cells in the bone marrow , and also platelet count and β-thromboglobulin concentrations as markers of platelet activation. Analyzing serum circulating levels of sCD40L and their clinical significance in patients with MM undoubtedly provides more information regarding the role of sCD40L in this condition.
PATIENTS AND METHODS Patients
The study group included 41 patients (18 women and 23 men; mean age, 68 years; range, 47-86 years) with newly diagnosed MM, prior to treatment. sensitivity and specificity, was estimated to indicate an optimal threshold value (cut-off point) for sCD40L. The Youden index is a commonly used measure for evaluating the effectiveness of new biomarkers, which gives equal weight to sensitivity and specificity for the concentrations of the biomarker tested. 18 RESULTS Median serum concentrations of sCD40L in the whole study group were significantly higher (1373 pg/ml; IQR, 805-1781 pg/ml) as compared with control subjects (530 pg/ml; IQR, 335-901 pg/ml) (FIGURE 1). Moreover, the concentrations of sCD40L were significantly increasing with the stage of the disease (P <0.0001). Median sCD40L concentrations in stage I of MM were 595 pg/ml (IQR, 283-805 pg/ml); in stage II of MM, 1592 pg/ml (IQR, 1032-1843 pg/ml); and in stage III of MM, 1790 pg/ml (IQR, 1607-2188 pg/ml). The post hoc test showed significant differences in sCD40L concentrations between stages I and II of MM and stages I and III of MM as well as between stage II of MM and controls and between stage III of MM and controls. The differences were not significant between stages II and III of MM and between stage I of MM and controls (FIGURE 2).
As shown in our previous study, the serum concentrations of selected angiogenic cytokines (IL-6, sIL-6R, TNF-α, sVCAM-1, and PDGF-AB) in the whole study group of patients with MM were significantly higher compared with those in healthy subjects.
17 Additionally, as described previously, median serum concentrations of the above cytokines were significantly increasing with the stage of the disease.
17
Median β-thromboglobulin concentrations were significantly higher in patients with MM (median, 114 IU/ml; IQR, 113-117 IU/ml) compared with controls (median, 29 IU/ml; IQR, 23-33 IU/ml) (FIGURE 3). β-thromboglobulin concentrations did not change depending on the stage of the disease (data not shown). Kingdom). According to the ELISA protocol, serum sCD40L was 5-fold diluted with the assay diluent. The manufacturer of assay kits referred to the intra-assay coefficient of variation (CV%) as 5.1% at a mean sCD40L concentration of 430 pg/ml (SD = 21.8 pg/ml).
Serum β-thromboglobulin activity was measured using a commercially available ELISA (Catalog number: 00950; ASSERACHROM ® β-TG, Diagnostica Stago S.A.S., France), according to the manufacturer's instruction. Samples were not diluted before analysis. The manufacturer of assay kits referred to the intra-assay coefficient of variation (CV%) as 6.6% at a mean β-thromboglobulin activity of 28.7 IU/ml (SD = 1.9 IU/ml).
IL-6, sIL-6R, TNF-α, sVCAM-1, and PDGF-AB levels, platelet count, β 2 -microglobulin and albumin concentrations, serum LDH activity, as well as the percentage of bone marrow plasma cells were measured using methods described elsewhere.
Statistical analysis The obtained results were statistically analyzed with the use of the STA-TISTICA 10.0 PL software (StatSoft Inc., Tulsa, Oklahoma, United States). The concentrations of sCD40L did not follow a normal distribution in the preliminary statistical analysis (χ 2 -test), thus a nonparametric statistical analysis was used. The Mann-Whitney test was used to compare 2 independent samples, and analysis of variance rank Kruskal-Wallis test was used for the comparison of 3 samples. The post hoc Dwass-SteeleCritchlow-Fligner test was conducted to assess which groups were different if significant differences were found. The values for each measured variable were presented as medians and interquartile ranges (IQRs). Differences were considered statistically significant at a P value of less than 0.05. Correlation coefficients were obtained by applying the Spearman's rank method. Receiver operator characteristic (ROC) curves were generated to calculate the areas under the ROC curves (AUCs). The Youden index, a function of The signals delivered after membrane CD40 ligation are undoubtedly involved in tumor immunity, which has been well established in animal tumor models and in vitro studies.
14 Therefore, monitoring alterations in CD40 ligating agents, such as sCD40L, is within the scope of clinical interests and may provide useful prognostic information. According to our knowledge, circulating levels of sCD40L in MM patients Significant correlations were found between the levels of sCD40L and those of IL-6, sIL-6R, sVCAM-1, and PDGF-AB. On the contrary, no significant correlation was found between sCD40L and TNF-α levels (TABLE 2) . Moreover, the Spearman's rank method revealed a significant positive correlation between sCD40L levels and the percentage of plasma cells in the bone marrow and β-thromboglobulin levels, whereas a negative correlation was shown with LDH activity and platelet count. No significant correlations were found between the levels of sCD40L and those of albumin or β 2 -microglobulin (TABLE 3) .
The AUC for sCD40L revealed the clinical significance of the protein (FIGURE 4) . The diagnostic 
14
In the current study, we indicated that patients with newly diagnosed MM, prior to treatment, had a 2.6-fold higher median serum sCD40L concentration in comparison with controls. Of all patients with MM, 54% had sCD40L concentrations above the upper limit observed in healthy Abbreviations: IL-6, interleukin 6; NS, nonsignificant; PDGF-AB, platelet-derived growth factor AB; TNF-α, tumor necrosis factor α; sIL-6R, soluble receptor of interleukin 6; sVCAM-1, soluble vascular cell adhesion molecule 1 Abbreviations: ACC, diagnostic accuracy; AUC, area under the receiver-operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value; SE, standard error CD40L-CD40 interaction in MM has not been clarified so far. 9 The CD40 is present on cancer cells of the breast, 19 ovary intestines, liver, nasopharynx, melanoma, or lymphoma.
10 CD40 is also expressed on human MM cells. 7, 20 Tong et al 19 revealed that the use of soluble recombinant CD40L therapy in patients with MM resulted in the blockage of the disease progression. 19 On the other hand, Young et al 21 indicated that decreased expression of CD40L by MM cells may contribute to the ligand-dependent loss of epithelial growth regulation and thus uncontrolled inflammation and infection, which directly lead to the increased susceptibility of patients to the development of neoplastic diseases.
Because our findings showed increasing sCD40L concentrations with the stage of MM, we suggest its role as a proneoplastic protein.
To support this hypothesis, we would like to point that significant correlations were found between sCD40L and IL-6, sIL-6R, sVCAM-1, and PDGF-AB, which are recognized as proangiogenic cytokines. 17, 22 It should be emphasized that this is the first study estimating correlations between sCD40L and adhesion molecule (sVCAM-1) and growth factor (PDGF-AB) in patients with MM. It is well known that tumor growth depends on angiogenesis and lymphangiogenesis. 23 It has been proposed that pathologic angiogenesis results from an increased production of proangiogenic factors or lack of function of antiangiogenic molecules. In vitro and in vivo studies have pointed to control subjects. In the next step of their analysis, Hock et al 14 divided MM patients (based on the established optimal cut-off point) into 2 groups: with high sCD40L concentrations and with low sCD40L concentrations. Data obtained by Hock et al 14 indicated that patients with MM with high sCD40L concentrations had a significantly shorter survival than those with low sCD40L concentrations.
14 Moreover, a multivariate analysis indicated that sCD40L concentrations provide additional prognostic information to that obtained by the evaluation of β 2 -microglobulin concentrations.
14 Well-established markers of MM activity are β 2 -microglobulin concentrations, albumin concentrations, LDH activity, and the percentage of plasma cells in the bone marrow.
17 However, in contrast to data obtained by Hock et al, 14 our results did not show a correlation between sCD40L and β 2 -microglobulin concentrations; however, a significant correlation was found between sCD40L and LDH activity and percentage of bone marrow plasma cells. Additionally, our findings revealed that sCD40L concentrations were significantly increasing with the stage of the disease, which can be additional information supporting the hypothesis that sCD40L may be involved in the development and progression of MM and may be recognized as a marker of poor prognosis.
Once again, we would like to highlight that the involvement of the CD40L-CD40 pathway in neoplastic diseases is controversial.
10 Moreover, the anti-and proneoplastic activity of the a major role of the CD40L-CD40 pathway in angiogenesis. 24 Tai et al 25 demonstrated that CD40 induces migration of MM cells and VEGF secretion, which suggests the role of CD40 ligation in MM homing and angiogenesis. Moreover, in our previous study, we reported a significant increase in the levels of IL-6, sIL-6R, TNF-α, sVCAM-1, and PDGF-AB in patients with MM as compared with controls; in addition, the levels significantly increased with the stage of the disease.
17 Increased concentrations of the above proteins and their correlations with sCD40L concentrations provide evidence that increased serum sCD40L concentrations may be related to the process of angiogenesis in patients with MM. A significant correlation between seleced angiogenic cytokines and sCD40L in patients with MM was also observed by Tsiraksis et al. 5 Moreover, the authors indicated a strong correlation between sCD40L concentrations and the stage of MM. Additionally, the posttreatment sCD40L concentrations were higher in patients with increased activity of the disease. 5 CD40 as well as soluble CD40L may be involved in platelet activation. 26, 27 Above 95% of circulating CD40L is derived from α granules of platelets after their activation and degranulation. 4 The clotting process also may lead to sCD40L release, which was proved by increased serum levels of sCD40L, compared with plasma levels. 28 In our previous study, we observed that platelet count was lower in patients with MM than in controls and significantly decreased with the stage of the disease (however, thrombocytopenia was observed only in patients with stage III of MM). 29 Well-established biomarkers of platelet activation in vivo are platelet products such as thromboxane B2, P-selectin, and β-thromboglobulin. To this purpose, we analyzed β-thromboglobulin in patients with MM at different stages, compared with control subjects. Our study revealed that median serum β-thromboglobulin levels in the whole group of MM patients was significantly higher than in controls; however, the analysis of sCD40L levels depending on the stage of the disease did not reveal significant differences. Moreover, the Spearman's rank method revealed a significant positive correlation of sCD40L levels with β-thromboglobulin, and a negative one with PLT. Increased sCD40L concentrations and biomarkers of platelet activation were also noted in other malignancies.
30,31
In conclusion, our findings demonstrated that serum sCD40L levels were significantly higher in patients with MM than in controls and were related to the stage of the disease. The correlation of sCD40L with β-thromboglobulin may indicate that in MM sCD40L derives from platelets after their activation. Moreover, sCD40L significantly correlated with some angiogenic cytokines (IL-6, sIL-6R, sVCAM-1, and PDGF-AB), which provides evidence that increased serum sCD40L levels may be related to angiogenesis in patients with MM. Additionally, the AUC for sCD40L was
